The analysis of metals bound to proteins requires careful sample preparation. Experimental procedures involved in this area should be developed aiming to retain the metal species bound to the protein structure. Some pre-fractionation steps are commonly used and in many cases it is necessary to disrupt the lipid-protein interaction by performing lipid removal before protein extraction. This paper presents a systematic investigation on the influence of using hexane, chloroform and methanol neat or in sequence to remove the lipid fraction in golden flaxseed (Linum usitatissimum L.), before extracting the protein phase using Tris-HCl buffer solution for analysis of Cu, Fe and Zn bound to proteins. The results showed that the organic solvent used has a strong influence on the determination of these metals. With hexane, the total protein content and Cu, Fe and Zn concentrations in Tris-HCl phase were higher than those found using methanol:chloroform (1:2 v/v).
Introduction
Metallic elements are found in living organisms, often at trace and ultra-trace levels, playing a vital role in biological functions. 1 If a metal is bound to proteins, its function strongly depends on the interaction between them. 2 All metalloproteins and their enzymatic metabolites can be identified from the complete sequencing of several genomes. This fact allows the comprehensive examination of the role of essential and toxic metals to human health. 3 The challenges to determine the metals bound to proteins are related to the nature of the chemical interaction between them and the low level at which trace elements are usually present in biological matrices. 4 The integrity of the metal-protein bond can be kept with an effective sample preparation protocol, followed by a suitable characterization procedure. 5 Identification and quantification of metals and proteins in biological systems can be successfully performed when using an efficient separation technique, a highly sensitive detector for the element quantification and a moleculespecific detector based on mass spectrometry, using tandem mass spectrometry (MS/MS) for more accurate characterization. 6 In general, metals are bound to proteins covalently and their preservation is essential to establish reliable information in the metalloproteomics area, with no denaturizing sample preparation procedures. 7 The success of this approach critically depends on the stability of the metal-protein complex, which cannot be broken. The sample preparation procedures should be carefully applied to avoid protein denaturing. 8 Special attention should be given when fat-rich matrices are used in studies involving metals bound to proteins. There is a need for simpler methods that are able to directly identify and quantify metals and proteins in lipophilic and non-lipophilic extracts.
In many cases, lipid-protein interaction is disrupted during lipid extraction procedures. For food samples with high oil content, lipid phase reduction is desirable to guarantee protein extraction before identification. 9 In this sense, a systematic study was carried out to investigate how polar and nonpolar organic solvents can interact with lipid in fat-rich organic samples and influence the quantification of metals bound to proteins. The aim of this study was to investigate the influence of organic solvents on the lipid phase removal before the protein extraction step in samples of golden flaxseed (Linum usitatissimum L.) to quantify Cu, Fe and Zn by atomic absorption spectrometry (AAS). Brown and golden flaxseeds have been considerate a functional food and present high nutritional value, associated to the soluble fibers and protein content, besides lignine and α-linolenic acid. [10] [11] [12] [13] Seeds are the primary basis for human sustenance and they are the repository of the genetic potential of crop species and their varieties resulting from the continuous improvement and selection over time.
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Experimental
Instrumentation
Acid digestion was performed in a cavity microwave oven with pressure and temperature control sensors (Ethos 1, Milestone, Sorisole, Italy) with maximum nominal pressure and power of 100 bar and 1000 W, respectively.
The determination of Cu, Fe, and Zn in the digested solutions from solid residues was performed on a fast sequential (FS) flame atomic absorption spectrometer (FAAS) (Varian AS 240FS, Mulgrave, Australia), equipped with a deuterium lamp for background correction. Measurements were obtained by hollow cathode lamps (HCL) in wavelengths and slits of 324.7 nm and 2.7/0.8 nm (Cu), 248.3 nm and 1.8/1.35 nm (Fe), and 213.8 nm and 2.7/1.8 nm (Zn), respectively.
Copper, Fe, and Zn measurements in Tris-HCl protein extracts and in the lipid phase solutions were performed on a Perkin-Elmer graphite furnace atomic absorption spectrometer (AAnalyst 600, Norwalk, USA), equipped with Zeeman correction. The measurements were based on peak areas and a sample volume of 20 µL was injected into the graphite tube with a L'vov platform by the AS 800 autosampler. Argon was used as the purge gas at 250 mL min -1 . Copper, Fe and Zn hollow cathode lamps were used at the same wavelengths described for FS FAAS.
UV measurements (Bradford method) 15 were conducted using an UV-Vis spectrophotometer (Carry100, Varian, Mulgrave, Australia). The measurements were performed at 595 nm.
Gel electrophoresis was performed on a mini tank (GE Healthcare Bio-Sciences, Uppsala, Sweden) under constant running conditions of 100 V for 3 h. The gels were staining in Multifunction Shaker TS-2000A VDRL (Norwalk, USA) with the Coomassie Blue dye. Then, the gels were scanned on an ImageScanner III apparatus (GE Healthcare BioSciences, Uppsala, Sweden). , Millipore, Billerica, USA).
Extraction procedures Lipid extraction
A total of 10.0 mL of the organic solvent was added to 2.0 g of ground golden flaxseed and kept in contact for 15 min under stirring at 200 rpm. The supernatant was then removed and the lipid phase stored. The effect of each organic solvent and their combination was evaluated. For this, the sample preparation procedure was firstly performed with the addition of only one organic solvent, i.e., hexane or methanol:chloroform (1:2 v/v). In another sample preparation procedure, hexane and methanol:chloroform (1:2 v/v) were added sequentially to the sample. The organic solvents, alone or in sequence, were added three times to each sample in order to remove the lipid fraction. Next, the three extracts were combined. A solid residue material, named lipid-free sample, and the lipid-phase extract were thus isolated.
Protein extraction with Tris-HCl
The lipid-free sample and the lipid-phase extract (item "lipid extraction") were submitted to the Tris-HCl buffer solution protein extractor. To both parts, 15.0 mL of 0.50 mol L -1 of Tris-HCl buffer at pH 7.2 was added. The mixture was kept under stirring at 200 rpm for 1 h at 25 ºC. Next, the mixture was centrifuged for 10 min at 3500 rpm. For the lipid-free sample, the supernatant was collected and the solid residue submitted to microwave-assisted-acid digestion. For the lipid phase extract, the aqueous phase was collected. The organic phase was evaporated (oil fraction) for further microwave-assisted-acid digestion and also the final solid residue. Copper, Fe and Zn were analyzed in all fractions generated.
Sequential protein extraction procedure
A sequential solid-liquid extraction method, adapted from the literature, 16 was evaluated. After lipid extraction, described in the "lipid extraction" item, around 2.0 g of the lipid-free samples were sequentially treated with four extraction solutions: deionized water, 0.50 mol L -1 of NaCl solution, ethanol:water (70:30 v/v) and 0.50 mol L -1 of NaOH solution. In each step, 10.0 mL of the extraction solution was added and the mixture was kept under stirring for 1 h at 200 rpm. Then, the samples were centrifuged for 10 min at 1800 rpm and the supernatants recovered from each fraction were filled up to 15.0 mL and stored in a freezer until analysis.
Microwave-assisted-acid digestion
Approximately 200 mg of the lipid-free sample, final solid residue and oil fraction (item "protein extraction with Tris-HCl") were digested in a cavity microwave oven using 7.0 mL of nitric acid solution (50% v/v) plus 1.0 mL of hydrogen peroxide. After that, the solutions were filled up to 25.0 mL with distilled-deionized water. The microwave heating program was performed in three steps: 10 min to reach 180 ºC; 20 min at 180 ºC; and ventilation until room temperature.
Determination of the protein content by the Bradford methodology
To obtain analytical curves, six standard solutions were prepared using a bovine serum albumin stock solution (0-0.2 µg µL -1 ). Then 5.0 mL of the Bradford reagent was added to 100 µL of standard solutions and Tris-HCl protein extracts. The solutions were mixed by vortex and analyzed with the UV-Vis spectrophotometer at 595 nm.
Dodecyl sulfate polyacrylamide gel electrophoresis (1D SDS-PAGE)
The 1D SDS-PAGE was performed according to Laemmli. 17 
Results and Discussion
Protein content in flaxseed sample
Golden flaxseed is rich in oil (40-45%) and protein (20-25%). 19 Before the protein extraction, lipid-phase extraction is necessary, since the extracts obtained without this step are unwanted and thick. Nevertheless, it has been experimentally observed that high oil content can reduce the protein extraction. 20 So, we investigated two different organic solvents, hexane and methanol:chloroform (1:2 v/v) alone or in sequence for the lipid extraction procedure, to determine the effects on the protein extraction and metal determination. For this, three procedures were conducted: the first one using hexane, the second using methanol:chloroform (1:2 v/v), and the third, using hexane followed by methanol:chloroform (1:2 v/v). After this, Tris-HCl buffer solution and a sequential procedure were used and the soluble proteins were quantified by UV-Vis measurements. The sequential procedure was applied in four successive steps to identify groups of proteins, as previously described by Osborne and Mendel. 11 According to them, sequential procedures using water, NaCl solution, ethanol and NaOH solution are able to extract proteins for the following groups, respectively: albumin, globulin, prolamin and glutelin. For the extracts obtained with Tris-HCl buffer solution, at pH approximately 7, protein split is not possible. The Vol. 26, No. 8, 2015 lipid-free sample and the lipid-phase extract were put in contact with Tris-HCl buffer for protein extraction.
Aliquots of 100 µL of the protein extracts from Tris-HCl and sequential procedure were used to measure the protein content by the Bradford method. 15 The total protein content was determined and the results are shown in Figure 1 and Table 1 . Figure 1 shows that the protein concentrations in the lipid-free sample extracts were 2.9 ± 0.1, 1.30 ± 0.07, and 0.73 ± 0.06 mg g -1 for hexane, methanol:chloroform (1:2 v/v) and hexane followed by methanol:chloroform (1:2 v/v), respectively. In turn, the protein concentrations in the lipid phase extracts were 0.85 ± 0.01, 2.2 ± 0.1 and 2.3 ± 0.1 mg g -1 for hexane, methanol:chloroform (1:2 v/v) and hexane followed by methanol:chloroform (1:2 v/v), respectively. In the extracts from lipid-free samples, the highest protein content was obtained using hexane, whereas in the lipid-phase extracts the lowest value was obtained with hexane. For hexane, the total protein content (the sum of lipid phase extract and lipid-free sample) accounted almost 4 mg g -1 , the highest value observed. Since the organic solvents can be used to protect or to denaturate proteins, it is advisable to choose a solution able to preserve the interaction between proteins and metals during lipid extraction. According to Asakura et al. 21 and Dennison, 22 the extension of protein denaturation is strongly affected by organic solvents. For one group of solvents, including alcohols and ketones, the denaturation extension is directly proportional to the protein concentration. For solvents such as toluene and chloroform, only a destabilizing effect was observed, while for solvents such as formamide and pentane, there was no denaturation effect noted for any protein concentration. Thus, according to the authors, due to its nonpolar characteristic, hexane is classified as an organic solvent suitable to preserve the protein-metal bond without protein denaturizing effects.
With protein denaturation, hydrophobic regions are exposed, increasing protein concentration in the organic fractions. Protein extraction using methanol and chloroform was lower when compared to hexane in the lipid-free sample, because both are denaturing solvents. On the other hand, hexane is a non-denaturing solvent, which promotes high protein content in the Tris-HCl aqueous solution.
After lipid removal using hexane, it is also possible to see in Figure 1 that golden flaxseed has a total protein content of about 4 mg g -1 , obtained after a mild extraction procedure. This result confirms that flaxseed is a food with high nutritional value based on its protein content. 19 The profile of the lipid-free sample extract in Tris-HCl buffer solution was analyzed by 1D SDS PAGE. Figure 2 shows the electrophoretic profile.
In Figure 2 it is possible to see that bands were predominant in the range of 14 to 29 kDa. Other bands are visualized between 29 and 36 kDa, and up to 45 kDa. Less intense bands are distinguished below 14 kDa and above 66 kDa.
Oomah and Mazza 23 observed the presence of four predominant polypeptides in flaxseed products between 14, 24, 25, and 34 kDa, as well as, a number of other minor bands. Marcone et al. 24 reported five bands with molecular weight of 14.4, 24.6, 30.0, 35.2 and 50.9 kDa related to globulins. Peptides of 24.6 kDa were reported to be basic sub-units, while others of 30.0 and 35.2 kDa were identified as acid sub-units. 25 Some classes of proteins in golden flaxseed were separated after the successive extraction procedure. The results are presented in Table 1 . In Table 1 it can be seen that the protein content in water and NaCl fractions was approximately 3 mg g -1 when only hexane was used for lipid phase extraction, whereas using methanol and chloroform the values varied from 0.5 to 1.7 mg g -1 . The values obtained in the sequential addition (hexane/methanol:chloroform) were quite similar to those obtained with methanol:chloroform alone, demonstrating the influence of these polar organic solvents on the denaturizing process of the protein and, as described before, promoting low protein content in the aqueous solution.
When using ethanol and NaOH the results obtained were similar among the three procedures. Ethanol and NaOH are also denaturant reagents, and it does not matter if hexane, methanol or chloroform is previously applied for oil phase removal; all the proteins become inactive in those solutions and they will be equally solubilized in the extract.
When hexane was used for lipid fraction extraction, albumins, globulins and glutelins were the predominant proteins detected in the water, NaCl and NaOH fraction, respectively, accounting for 34, 34 and 29% of the protein content extracted by the sequential procedure, while prolamin accounted for 2%.
This prevalence was also reported by Oomah and Mazza 19 for flaxseed samples. The authors determined 25% albumin, 30% glutelin and 42% of globulin as the major fractions. For prolamin, only 4% was soluble in the ethanol fraction, due a higher lipophilic interaction with the matrix. 23 Comparing the results obtained in water and NaCl fraction with those obtained after Tris-HCl extraction (Figure 1) , it is possible to see similar results for hexane lipid-phase extraction, showing the non-denaturing characteristic of this solvent.
Cu, Fe and Zn determination in golden flaxseed samples
The metal distribution was evaluated in the lipid-free sample, in the supernatant obtained after Tris-HCl extraction and in the lipid-phase extract (after solvent evaporation). As previously described, microwave-assistedacid digestion was performed on the solid residue from the lipid-free sample and in the lipid-phase extract. Limit of detection (LOD) was calculated from independent blank solutions using the mean concentration and the value resulting from the multiplication of the standard deviation and t-test at 95% confidence level. 26 The minimum detectable amounts were 0.0081, 0.041 and 0.056 mg kg -1 for Cu, Fe and Zn, respectively. Similar to the LOD, the limit of quantification (LOQ) was calculated by the sum of the average concentration and ten times the standard deviation. 26 For Cu, Fe and Zn the values were 0.032, 0.11 and 0.096 mg kg -1 , respectively. Afterward, Cu, Fe and Zn were quantified by AAS, and for graphite furnace atomic absorption spectrometry (GFAAS) measurements, after establishment of the best permanent chemical modifier for each element. The results are shown in Table 2 .
The results in Table 2 show that the concentrations of Cu, Fe and Zn in the solid residue were approximately 23, 98, and 69 mg kg -1 , respectively, independently on the solvent used for the lipid-phase extraction procedure. In the supernatant, obtained after Tris-HCl buffer solution extraction, the metals concentrations were higher for solutions obtained after hexane lipid extraction, indicating the benefits of using a non-denaturing organic solvent. On the other hand, for the oil fraction the concentrations were higher for Cu and Zn for extracts obtained after lipid extractions using denaturing organic solvents. In this case, the metal-protein interaction is disrupted and the metal's affinity for polar solvent increases, thus, remaining at this fraction. It is also possible to see in Table 2 that the Tris-HCl buffer solution has a limited influence on the metal extraction, since the concentration is not very high and the extraction procedure was performed at room temperature to preserve metal-protein bonds. Under this experimental condition it is possible to estimate the metal bound to proteins in flaxseed samples.
The oil fraction, lipid-free sample and the final solid residue, as previously stated, were submitted to microwave acid digestion. As the protein extraction was performed in lipid-free sample, the concentration of Cu, Fe and Zn was compared to the sum of the values obtained from the solid residue and Tris-HCl supernatants ( Table 2) .
The values are not statistically different at 95% confidence level, applying the t-test, showing good accuracy of the proposed methods for metal extraction. The lipid extraction with hexane produced the lowest concentration of the metals in solid residue and Tris-HCl buffer supernatant after protein extraction. This solvent preserved the metal-protein interaction and it was possible to relate the presence of albumins and globulins in the Tris-HCl buffer fraction with Cu, Fe and Zn.
Copper, Fe and Zn were also quantified by AAS in the solutions obtained after successive extraction using water, NaCl solution, ethanol and NaOH. The results are shown in Figure 3 .
In Figure 3 it can be seen that all the values obtained in water and NaCl were similar. In water, the results were 0.037, 0.063, 0.13 mg kg -1 for Cu, Fe and Zn, respectively, while in NaCl the values were 0.071, 0.041, 0.17 mg kg -1 for Cu, Fe and Zn, respectively.
The fraction of globulins, extracted with NaOH, contained the highest levels of metals: 0.16, 0.19, 0.13 mg kg -1 for Cu, Fe and Zn, respectively, while for prolamin, extracted with ethanol, contained lower levels compared to NaOH: 0.082, 0.092, 0.090 mg kg -1 for Cu, Fe and Zn, respectively. Since hexane preserves the metal-protein interaction, it was possible to relate the presence of Cu, Fe and Zn with the proteins in golden flaxseed separated after the successive extraction procedure.
Conclusions
Lipid-phase removal procedure was evaluated using different organic solvents and it was observed that with hexane the protein levels in the lipid-free samples were higher than when using methanol and chloroform. In the lipid-phase extract, protein levels were higher when methanol and chloroform were used instead of hexane. In this case, methanol and chloroform caused protein denaturation and proteins became more soluble in this medium. For metal quantification, the metal-protein interaction can be disrupted by a denaturing solvent. So, higher levels of Cu and Fe in the Tris-HCl solution were obtained in the lipid-phase removal procedures using hexane. For Zn, this situation was reversed, and the highest values were obtained in the lipid-phase extract. In the Tris-HCl extracts, it was possible to relate the presence of albumins and globulins with the metals Cu, Fe and Zn in the lipid-free sample after hexane extraction. In the sequential procedure, the quantification of Cu, Fe and Zn was possible in all fractions, with ethanol presenting the lowest values. ) in each fraction collected from sequential extraction after lipid extraction with hexane (n = 3).
